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We	 present	 the	 first	 demonstration	 of	 mid‐infrared	
supercontinuum	tissue	imaging	at	wavelengths	beyond	5	
μm	 using	 a	 fiber‐coupled	 supercontinuum	 source	
spanning	2‐7.5	 μm.	The	supercontinuum	was	generated	
in	 a	 tapered	 large	 mode	 area	 chalcogenide	 photonic	
crystal	 fiber	 in	 order	 to	 obtain	 broad	 bandwidth,	 high	
average	 power,	 and	 single‐mode	 output	 for	 diffraction‐
limited	 imaging	 performance.	 Tissue	 imaging	 was	
demonstrated	 in	 transmission	 at	 selected	 wavelengths	
between	5.7	μm	(1754	cm‐1)	and	7.3	μm	(1370	cm‐1)	by	
point	scanning	over	a	sub‐mm	region	of	colon	tissue,	and	
the	 results	were	 compared	 to	 images	 obtained	 from	 a	
commercial	instrument.	
Mid‐infrared	 (mid‐IR)	 spectral	 imaging	 is	 a	 promising	 label‐free	
diagnostic	 tool	 that	 could	 complement	 the	 current	 method	 of	
cancer	 diagnosis	 rendered	 by	 conventional	 histopathology.	 Its	
capabilities	in	combination	with	data	mining	algorithms	have	been	
demonstrated	on	various	 types	of	 cancer	 	[1–4],	which	makes	 it	
interesting	 and	 relevant	 for	 clinical	 applications.	 However,	
conventional	 mid‐IR	 spectral	 imaging	 is	 based	 on	 thermal	 light	
sources	 in	 combination	 with	 Fourier	 transform	 infrared	 (FTIR)	
spectroscopy,	which	limits	the	acquisition	speed	and	penetration	
depth	 due	 to	 low	 source	 brightness	 and	 precludes	 the	 use	 of	
optical	 fibers	 for	 flexible	 delivery	 and	 detection	 of	 light.	 Clinical	
applications	 of	 spectral	 pathology	 rely	 on	 its	 ability	 to	 compete	
with	current	practice	and	to	fit	into	existing	timescales	for	sample	
analysis.	 In	 this	regard,	considerable	attention	has	been	directed	
towards	utilizing	intense	laser	sources	to	provide	sufficient	signal‐
to‐noise	ratio	(SNR)	for	rapid	acquisition	across	the	mid‐IR.	Such	
sources	could	also	have	potential	 for	non‐destructive	reflectance	
imaging	 of	 tissue	 in	 vivo	[5].	 In	 recent	 years,	 several	
demonstrations	of	mid‐IR	imaging	using	quantum	cascade	lasers	
(QCL)	has	emerged,	resulting	in	a	drastic	reduction	in	acquisition	
time	 from	hours	 to	minutes,	 and	even	 just	 a	 few	seconds	when	
operated	 in	a	discrete	 frequency	 imaging	mode	 	[6–9].	However,	
several	 QCLs	 are	 needed	 to	 cover	 the	 frequencies	 that	 are	 of	
diagnostic	importance	to	pathologists,	which	adds	significantly	to	
the	cost	and	complexity	of	the	system.		
Another	 type	 of	 laser	 source	 that	 could	 be	 useful	 for	mid‐IR	
broadband	 spectral	 imaging	 is	 the	 supercontinuum	 (SC)	
source	[10].	Unlike	QCLs,	mid‐IR	SC	sources	have	the	potential	for	
providing	scan‐less	access	to	both	the	functional	group	region	(~2‐
6	μm)	and	part	of	the	fingerprint	region	(~6‐12	μm)	from	a	single	
monolithic	 fiber‐based	source	[11,12].	Having	access	 to	both	 the	
fundamental	 and	 overtone	 vibrational	 resonances	 of	 various	
molecules	 allows	 for	 more	 advanced	 chemometric	 analytical	
techniques,	such	as	multitone	correlation	spectroscopy,	which	has	
found	application	in	e.g.	 food	quality	control	[13].	Previous	work	
on	mid‐IR	 SC	 imaging	 has	 been	 based	 on	 ZrF4‐BaF2‐LaF3‐AlF3‐
NaF	(ZBLAN)	fiber‐based	sources,	benefitting	from	the	availability	
of	components	and	maturity	of	mid‐IR	technology	in	the	2‐5	μm	
range	[14–16].	 In	a	 recent	demonstration,	 such	a	 SC	 source	was	
used	in	combination	with	an	acousto‐optic	tunable	filter	(AOTF),	a	
Cassegrain	 transmission	 microscope,	 and	 a	 640	 x	 480	 pixel	
infrared	camera	to	perform	hyperspectral	imaging	of	colon	tissue	
from	 2.8‐3.7	 μm	[14].	 The	 combination	 of	 fast	 wavelength	
selection	and	high	signal	power	enabled	capturing	of	a	100	x	640	x	
480	hyperspectral	cube	in	just	2	seconds,	which	is	fast	enough	to	
perform	real‐time	measurements	for	clinical	applications.		
In	 this	 letter	 we	 present	 the	 first	 proof‐of‐principle	
demonstration	 of	mid‐IR	 supercontinuum	multispectral	 imaging	
in	 the	 long‐wavelength	region	beyond	 the	 capabilities	of	ZBLAN	
fibers,	enabled	by	a	chalcogenide	(ChG)	fiber‐based	SC	source	 in	
combination	 with	 a	 point	 scanning	 approach.	 We	 demonstrate	
tissue	 imaging	 in	 the	diagnostically	 important	 fingerprint	 region	
from	5.7	μm	(1754	cm‐1)	to	7.3	μm	(1370	cm‐1),	and	compare	the	
results	to	those	obtained	using	a	commercial	FTIR	system.	
Fi
lig
co
al
im
tr
gr
lo
is
la
p
am
an
p
co
o
w
af
ef
T
2
μ
co
co
1
lo
al
co
im
ar
g.	1.	Multispect
ht	was	generat
nnector	 (FC)	 i
igned	 to	 a	 15x	
aging	 was	 re
anslation	 stage.
ating	spectrom
ck‐in	amplified	
	
The	experime
	detailed	in	Fig
rge	 mode	 are
ulses	 at	 4.3	 μ
plifier	in	orde
d	 single‐mo
roperties	[11].	
nnectors	for	b
f	coupling	to	th
as	 designed	 to
ter	only	a	few	
fect	of	normal	
he	 taper	 profi
(b,c).	The	spec
m	with	 25	mW
mpromises.	
nnectorization
1.5	μm	and	pit
ng	length	of	~
low	 for	 adde
nfinement‐,	an
aging	 the	 be
ound	9‐10	mW
ral	supercontin
ed	in	a	tapered	C
nterface	 to	 the
Cassegrain	mic
alized	 by	 po
	The	signal	wa
eter	for	wavelen
MCT	detector	lo
ntal	setup	use
.	1.	The	SC	wa
a	 ChG	 photon
m	 from	 a	 sin
r	to	obtain	bro
de	 output	 f
The	 fiber	 wa
etter	environm
e	scanning	syst
	 have	 a	 short
cm	of	fiber,	and
dispersion	and	
le	 and	 generat
trum	of	the	sou
	 output	 powe
First	 of	 all,	
	meant	that	a	f
ch‐to‐hole‐ratio
90	cm	of	unifor
d	 flexibility,	
d	propagation
am	 was	 long‐
	of	power	to	b
uum	imaging	sy
hG	PCF,	and	co
	 scanning	 syste
roscope	 using	
int‐scanning	 u
s	 relayed	via	 a	
gth	selection,	an
cked	to	the	freq
d	for	mid‐IR	m
s	generated	by
ic	 crystal	 fiber
gle‐pass	 MHz
ad	bandwidth,	
or	 the	 best	
s	 end‐capped	
ental	stability,	
em	(see	Fig.	2(a
	 down‐taper	 t
	a	short	waist	s
confinement	lo
ed	 SC	 spectru
rce	was	limite
r	 due	 to	 a	 co
the	 need	 for
iber	with	a	sma
	of	0.45	was	u
m	fiber	was	ke
resulting	 in	 i
	losses,	respect
pass	 filtered	 a
e	focused	onto	
stem.	Broadba
upled	via	a	fiber
m.	 The	 sampl
a	 CMOS	 camer
sing	 a	 piezoe
ChG	patch	 cabl
d	measured	us
uency	of	the	cho
ultispectral	im
	pumping	a	ta
	 (PCF)	 with	 2
	 optical	 param
high	average	p
possible	 im
and	 fitted	 wit
robustness,	and
)).	The	tapered
ransition	 begi
ection	to	redu
ss,	respectively
m	 is	 shown	 i
d	to	spanning
mbination	 of	 d
	 end‐capping
ller	core	diame
sed,	and	secon
pt	after	the	tap
ncreased	 coup
ively	[11].	For	
t	 4.5	 μm,	 allo
the	sample.	
	
nd	SC	
‐optic	
e	 was	
a,	 and	
lectric	
e	 to	a	
ing	an	
pper.		
aging	
pered	
50	 fs	
etric	
ower,	
aging	
h	 FC	
	ease	
	fiber	
nning	
ce	the	
	[11].	
n	 Fig.	
	2‐7.5	
esign	
	 and	
ter	of	
dly	a	
er	to	
ling‐,	
tissue	
wing	
Fig
PCF
The
~3
colo
hor
T
sca
ins
mic
diff
wa
sam
reg
50/
vis
usi
rem
dia
spe
det
det
Thi
mo
a	 s
exp
per
IEC
hea
T
fro
loc
dur
.	2.	(a)	Picture	o
.	The	insert	sh
	 taper	 profile	 h
0	mm	up‐taper.	
n	 sample	 FT
izontal	bars	to	i
he	 output	 en
nning	system	
ert	of	Fig.	2(a))
roscope	 with	
raction‐limited
velength	of	6	μ
ple	 at	 the	 be
ion	using	a	pie
50	 beam	 split
ual	 alignment	
ng	 both	 a	 wh
aining	 signal	
meter	ChG	pat
ctrometer	equ
ector.	The	sign
ection	with	50
s	 limited	 the	
tion	artifacts,	w
ingle‐waveleng
osure	 remaine
missible	 expos
	 60825‐1:201
ting	of	the	tissu
he	 sample	wa
m	the	Gloucest
al	research	ethi
ing	routine	clin
f	the	free‐space
ows	the	fiber‐co
aving	~15	mm
(c)	The	SC	pow
IR	 absorbance
ndicate	the	mea
d	 of	 the	 fiber
through	an	FC
	and	directed	
numerical	 ape
	 resolution	 of	
m.	Imaging	wa
am	 focus	 in	 5	
zoelectric	trans
ter	 was	 place
of	 the	 sample
ite	 LED	 and	
was	 subseque
ch	 cable,	whic
ipped	with	a	m
al	was	choppe
	ms	time	const
acquisition	 rat
hich	resulted	i
th	 point‐scan	
d	 around	 15	
ure	 (MPE)	 lev
4	 international
e	were	observ
s	 a	 non‐tumo
ershire	Royal	
cs	committee	f
ical	investigati
	pump	coupling
upling	to	the	s
	 down‐taper,	~
er	spectral	dens
	 (blue)	 spect
sured	waveleng
	 was	 directly	
	parabolic	mir
to	a	15x	Casse
rture	 (NA)	 of	
around	 0.61λ/
s	realized	by	r
μm	 steps	 ove
lation	stage.	A	
d	 in	 the	 beam
	with	 respect	
a	 fiber‐couple
ntly	 focused	 in
h	 relayed	 the	
ercury‐cadmiu
d	at	4	kHz	in	o
ant	for	maximu
e	 to	 100	 ms	
n	a	24	minute	a
image.	During	
times	 below	 t
el	 recommend
	 standard	 and
ed.		
ral	 colon	 tissu
Hospital	with	t
or	collection	of	
on	by	colonosc
	to	the	tapered	
canning	system
40	mm	waist,
ity	(red)	and	ty
ra	 with	 light‐
ths.	
connected	 to	
ror	collimator	
grain	transmis
0.3,	 resulting
NA=12.4	 μm
aster‐scanning
r	 a	 600	 x	 600
broadband	pel
	 path	 to	 allow
to	 the	 microsc
d	 red	 laser.	
to	 a	 150	 μm
signal	 to	 a	 gra
m‐telluride	(M
rder	to	use	loc
m	dynamic	ra
in	 order	 to	 a
cquisition	time
the	 scan	 the	 l
han	 the	maxim
ed	 for	 skin	 in
	 no	 effects	 du
e	 section	 obta
he	approval	of
additional	biop
opy.	After	form
	
ChG	
.	(b)	
and	
pical	
blue	
the	
(see	
sion	
in	 a	
at	 a	
	the	
	 μm	
licle	
	 for	
ope	
The	
core	
ting	
CT)	
k‐in	
nge.	
void	
	for	
aser	
um	
	 the	
e	 to	
ined	
	the	
sies	
alin	
fix
b
ad
an
ex
ca
an
d
ep
re
ti
p
h
m
w
re
7
cm
th
sh
m
re
b
lim
sa
sh
6
o
im
o
T
b
co
G
d
ob
sa
re
w
ov
ac
b
fr
so
re
co
b
im
co
an
d
sy
ation	and	par
lock.	The	7	μm	
jacent	3	μm	s
d	 eosin	 (H&E
pert	 patholog
lcium	fluoride
y	chemical	de
isplayed	 a	 typ
ithelial	glands
gions,	 lightly	
ssue,	 thin	 mus
athology,	a	mid
istological	regio
ost	importantl
ith	 cancer	 de
ason	imaging	w
.30	μm,	equiva
‐1,	respectively
e	key	molecula
ape	and	intens
ajor	Amide	 I	
spectively,	 the
ending	vibratio
it	of	the	setup
	Fig.	3(b)	show
mple	 obtained
ows	the	corre
.45	μm,	and	7.3
f	these	discrete
age	in	Fig.	3(f)
f	the	colonic	cr
he	SC	images	w
ench‐top	 FTIR
upled	with	an
lobar	light	sou
etector.	The	FT
jective	 of	NA	
mple	plane	du
sulting	in	a	pix
ith	 a	 spectral	
er	64	scans,	a
quire	 plus	 a
ackground	scan
The	 image	 co
om	line	traces	
urce	 data	 vis
sults	 are	pres
ntrast	in	the	S
e	expected	from
aging	system	
uld	be	improv
	 expected	 o
iscrepancies	 in
stems	could	be
affin	embeddin
thick	section	w
ection	was	use
)	 staining	 on	
ist.	 The	 7	 μm	
	(CaF2)	substra
‐paraffinization
ical	 normal	 t
	(colonic	crypts
stained	 inner
cle	 layer	 and	
‐IR	imaging	sy
ns	of	the	tissu
y	the	epithelial
velopment,	 an
as	performed
lent	to	1754	cm
.	The	choice	of
r	absorption	f
ity	can	be	relat
and	 II	 protein	
	 lipid	 ester	 bo
n	near	7.3	μm,
.	These	are	sho
s	a	visible	ligh
	 through	 the	
sponding	mid‐I
0	μm,	respect
	 frequency	im
,	which	disting
ypts	(c,d)	from
ere	then	com
	 imaging	 syste
	Agilent	670	F
rce,	and	a	128	
IR	spectral	im
0.62	 (a	7x	 fin
e	to	∼2x	de‐ma
el	size	of	5.5	x	5
resolution	of	4
nd	the	full	hyp
n	 additional	
s.		
ntrast	 and	 int
using	a	roughn
ualization	 and
ented	 in	Fig.	 4
C	images	comp
	the	larger	sp
is	diffraction	l
ed	by	employi
ptical	 resolu
	 the	 apparent
	due	to	the	hig
g,	two	section
as	used	for	mid
d	 for	gold‐sta
a	 glass	 slide	 a
thick	 section	
te,	and	measu
.	The	H&E	im
issue	 structur
)	with	darkly	s
	 cytoplasmic	
mucin	 secretio
stem	must	be	a
e	based	on	the
	regions	that	ar
d	 the	 connect
	at	5.70	μm,	6.
‐1,	1658	cm‐1,	
	wavelengths	w
eatures	of	the	s
ed	to	cancer.	T
bands	 at	~6.0
nds	 around	 5
	which	is	also	c
wn	as	horizont
t	transmission
scanning	 syst
R	SC	point‐sca
ively.	The	spec
ages	are	visua
uish	the	amide
	the	surroundin
pared	with	 th
m	 (Agilent	 62
TIR	 spectrom
x	128	MCT	foc
ages	were	obta
al	magnificatio
gnification	aft
.5	μm2	on	the	F
	 cm‐1	were	ob
erspectral	cub
15	 minutes	
ensity	 fluctuat
ess	calculation
	 analysis	 tool	
.	 The	 compari
ared	to	the	FTI
ot	size	and	ove
imited,	the	con
ng	a	0.65	NA	o
tion	 of	 5.6	
	 structure	 as	
h	spatial	cohere
s	were	cut	from
‐IR	imaging	an
ndard	haemato
nd	 examined	
was	 mounted
red	directly	wi
age	seen	in	Fig
e	 consisting	 o
tained	outer	nu
regions,	 conn
ns.	 To	 be	 use
ble	to	identify	
	molecular	fea
e	directly	asso
ive	 tissue.	 Fo
03	μm,	6.45	μm
1550	cm‐1,	and	
as	linked	to	so
ample	tissue	w
hese	include	th
3	μm	and	 6.4
.7	 μm,	 and	 th
lose	to	the	dete
al	bars	in	Fig.	2
	mosaic	image	
em,	 and	 Fig.	
n	images	at	6.0
tral‐spatial	ma
lized	in	a	comp
	rich	nuclear	re
g	connective	t
ose	obtained	fr
0	 FTIR	 micro
eter)	 consisting
al‐plane	array	
ined	using	a	1
n	 is	 obtained	a
er	the	15x	obje
PA	detector.	Im
tained	by	aver
e	took	5	minu
to	 complete	
ions	 were	 ana
	tool	from	the
Gwyddion,	 an
son	 reveals	 red
R	images,	whic
rsampling.	Sin
trast	and	reso
bjective,	result
μm.	 Other	 m
imaged	 by	 the
nce	of	the	SC	b
	this	
d	the	
xylin	
by	 an	
	 on	 a	
thout	
.	3(a)	
f	 the	
clear	
ective	
ful	 in	
these	
tures,	
ciated	
r	 this	
,	and	
1370	
me	of	
hose	
e	two	
5	μm,	
e	 C‐H	
ction	
(c)).	
of	the	
3(c‐e)	
3	μm,	
pping	
osite	
gions	
issue.	
om	a	
scope	
	 of	 a	
(FPA)	
5x	IR	
t	 the	
ctive)	
ages	
aging	
tes	to	
256	
lyzed	
	open	
d	 the	
uced	
h	is	to	
ce	the	
lution	
ing	in	
inor	
	 two	
eam.	
Fig
tiss
Mu
con
ima
pro
colo
wa
H
aro
6.4
5.7
rela
app
cou
acq
sw
pot
is	 p
con
SN
fro
.	3.	Comparison	
ue	section	with
scle	layer,	B/C:	c
nective	 tissue,	
ge	of	the	un‐sta
tein	 rich	 amid
nic	 crypts,	 and
lls.	(f)	Composite
owever,	while
und	 1.3	 times
5	μm,	they	we
	μm.	This	sugg
tively	low‐nois
roach.	 Furthe
pled,	which	m
uisition	 time.	
itching	 to	 an	
ential	benefit	o
assed	 through
stant	 optical	 p
R.	Furthermore
m	single‐eleme
between	(a)	the
	identification	o
ytoplasmic/nuc
E:	mucin	 secret
ined	sample.	(c,
e	 regions	 highl
	 (e)	 the	 mucin
	image	showing
	the	intensity	
	 higher	 than	 t
re	more	than	1
ests	that	given	
e	images	can	b
rmore,	 the	 SC
eans	that	it	was
Such	 coupling	
all‐fiber‐based
f	this	method	i
	 a	 small	 area	
ower	 on	 the	 s
,	the	detection
nt	to	an	array	d
	confocal	image
f	the	various	his
lear	regions	of	t
ions.	 (b)	Visibl
d)	Mid‐IR	absor
ighting	 the	 nuc
	 secretions	 an
	the	spectral‐sp
fluctuations	in
he	 correspond
.7	times	lower
sufficient	pow
e	produced	us
	 pump	 sourc
	sensitive	to	dr
instability	 can
	 pump	 laser	
s	that	the	entir
of	 the	 sample
ample	with	 th
	can	be	paralle
etector.	
	of	the	H&E	sta
tological	region
he	colonic	crypt
e	 light	 transmis
bance	images	o
lear	 regions	 of
d	 surface	 epith
atial	mapping	o
	the	SC	image	
ing	 FTIR	 imag
	in	the	SC	imag
er	spectral	den
ing	the	SC	scan
e	 was	 free‐sp
ift	over	the	24	
	 be	 eliminated
system	[12].	
e	broadband	si
,	 thus	 allowing
e	highest	 poss
lized	by	switc
	
ined	
s.	A:	
s,	D:	
sion	
f	the	
	 the	
elial	
f	c‐e.	
was	
e	 at	
e	at	
sity,	
ning	
ace	
min	
	 by	
The	
gnal	
	 for	
ible	
hing	
Fi
μm
to
ro
w
th
p
re
ca
fe
co
C
ca
A
th
w
m
g.	4.	(a,c,e,g)	Mid
	using	either	S
	 the	 lines	 in	
ughness	tool	fro
	
The	 bottle‐ne
hich	could	be	
e	scanner	 in	a
iezo	 to	 run	 c
quires	 a	 mo
libration.	How
atures	the	cam
uld	be	realized
MOS	 camera	
mera,	 and	 ex
OTF	 or	 broad
roughput.	 Wit
avelength	mid
atch	 the	 acqui
‐IR	absorbance
C	or	FTIR.	(b,d,f
(a,c,e,g),	 and	 s
m	the	visualiza
ck	 of	 this	 me
enhanced	two	
n	open‐loop	c
onstantly	 at	 f
re	 elaborate	
ever,	for	imagi
era	approach	w
	in	a	very	sma
with	 an	 unco
changing	 the	 f
band	 linear	 v
h	 further	 dev
‐IR	component
sition	 rate	of	 t
	images	measur
,h)	Contrast	line
patial	 noise	 an
tion	and	analysi
thod	 is	 the	 po
orders	of	mag
onfiguration.	T
ull	 speed	 dur
hardware	 im
ng	large	sampl
ould	be	prefe
ll	footprint	by	
oled,	 broadba
iber‐coupled	 s
ariable	 filter	 (
elopment	 and	
s	we	expect	the
he	2.8‐3.7	μm
ed	at	5.7	μm	an
	traces	correspo
alysis	 based	 o
s	software	Gwyd
int	 scanning	 s
nitude	by	ope
his	would	allo
ing	 acquisition
plementation
e	areas	or	very	
rable.	Such	a	sy
replacing	the	v
nd	 microbolom
pectrometer	 f
LVF)	 for	 max
availability	 of	
	system	to	be	a
	 system	report
	
d	6.45	
nding	
n	 the	
dion.		
peed,	
rating	
w	the	
,	 but	
	 and	
small	
stem	
isible	
eter	
or	 an	
imum	
long‐
ble	to	
ed	 in	
ref
com
I
bro
ima
sho
con
ima
abs
	
Ack
Sel
dis
ChG
Tau
Fun
Com
Re
1.  R
2.  J
3. D
4.  J
5. B
6.  K
7.  N
8. M
9. P
10.
11.
12.
13.
14.
15.
16.
.	 	[14],	 which	
mercially	ava
n	conclusion,	w
adband	fiber‐c
ging	 in	 the	 s
wn	that	we	can
nective	tissues
ging	 at	 discr
orption	feature
nowledgmen
enOptics,	 and	
cussions,	and	th
	 PCF.	 The	 au
moses	legat.	
ding.	 Innovat
mission	(FP7
ferences 
. Baker, K. D. Rog
1039 (2010). 
. T. Kwak, A. Kajd
Bhargava, Sci. Rep
. C. Fernandez, R
23, 469–474 (200
. Nallala, M.‐D. D
and M. Manfait, T
. Guo, Y. Wang, C
Sivco, M. L. Peabo
. Yeh, S. Kenkel, J
(2015). 
. Kröger, A. Egl, M
Neudecker, A. Pu
111607–111607 (
. J. Pilling, A. Hen
Gardner, Faraday
. Bassan, M. J. We
(2014). 
C. R. Petersen, U.
Benson, S. Sujeck
O. Bang, Nat. Pho
C. R. Petersen, R.
Trolès, and O. Ban
D. D. Hudson, S. A
Messaddeq, M. R
1166 (2017). 
T. Ringsted, H. W
M. Farries, J. War
10060, 100600Y (
S. Dupont, C. Pet
Opt. Express 20, 4
I. D. Lindsay, S. Va
M. Moselund, R. 
Wurtemberg, S. S
Møller, O. Bang, S
(2016). 
was	 based	 on
ilable.	
e	have	demo
oupled	mid‐IR
pectral	 fingerp
	distinguish	be
	within	a	para
ete	 wavelength
s.	
t.	The	authors
Johann	 Troles	
e	fabrication	a
thors	 also	 ack
ion	 Fund	 Den
‐ICT	317803).	
ers, N. Shepherd
acsy‐Balla, V. Mac
. 5, 8758 (2015). 
. Bhargava, S. M. 
5). 
iebold, C. Gobinet
he Analyst 139, 4
. Peng, H. L. Zhan
dy, and A. Y. Cho
.‐N. Liu, and R. Bh
. Engel, N. Gretz
cci, A. Schönhals, 
2014). 
derson, B. Bird, M
 Discuss 187, 135
ida, J. Rowlette, 
 Møller, I. Kubat, 
i, N. Abdel‐Mone
tonics 8, 830–834
 D. Engelsholm, C
g, Opt. Express 2
ntipov, L. Li, I. Ala
ochette, S. D. Jac
. Siesler, and S. B.
d, I. Lindsay, J. Na
2017). 
ersen, J. Thøgerse
887–4892 (2012
lle, J. Ward, G. St
M. Vinella, M. Abd
muk, H. Martijn, J
. Sujecki, and A. S
	 components	
nstrated	the	fe
	SC	source	for	m
rint	 region.	 T
tween	epitheli
ffinized	section
s	 related	 to	
	acknowledge	
of	 Rennes	 Un
nd	characteriza
nowledge	 finan
mark	 (4107‐0
, and N. Stone, Br
ias, M. Walsh, S. 
Hewitt, and I. W. 
, O. Bouché, G. D
005–4015 (2014)
g, G. P. Luo, H. Q. 
, Opt. Express 12,
argava, Anal. Che
, K. Haase, I. Herp
and others, J. Bio
. D. Brown, N. W
–154 ( 2016). 
and P. Gardner, T
B. Zhou, S. Dupon
im, Z. Tang, D. Fur
 (2014). 
. Markos, L. Brillan
5, 15336‐15347 (
mgir, T. Hu, M. E
kson, and A. Fuer
 Engelsen, Cereal 
llala, and P. Mose
n, C. Agger, O. Ba
). 
evens, M. Farries
alla, D. de Gaspa
. Nallala, N. Stone
eddon,  in Proc. o
that	 are	 now
asibility	of	usi
ultispectral	ti
his	 approach	
al	and	surroun
	of	colon	tissu
specific	 molec
Laurent	Brillan
iversity	 for	 fru
tion	of	the	tape
cial	 support	 f
0011A);	 Europ
. J. Cancer 103, 10
Sinha, and R. 
Levin, Nat. Biotec
. Sockalingum, O.
. 
Le, C. Gmachl, D.
 208–219 (2004).
m. 87, 485–493 
ich, B. Kränzlin, S
med. Opt. 19, 
. Clarke, and P. 
he Analyst 139, 3
t, J. Ramsay, T. 
niss, A. Seddon, a
d, C. Caillaud, J. 
2017). 
. Amraoui, Y. 
bach, Optica 4, 11
Sci. 75, 92–99 (20
lund, in Proc. of S
ng, and S. R. Keid
, L. Huot, C. Brook
ri, R. M. von 
, C. Barta, R. Has
f SPIE. 9703, 970
	 all	
ng	a	
ssue	
has	
ding	
e	by	
ular	
d	of	
itful	
red	
rom	
ean	
34–
hnol. 
 Piot, 
 L. 
 
. 
856 
nd 
63‐
17). 
PIE 
ing, 
s, P. 
al, U. 
304 
